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Abstract: The use of different teaching methods has resulted in different quality and quantity of students' 
knowledge. For this reason, it is important to constantly review the teaching methods and applied most 
effectively. One way of determining instruction efficiency is by using cognitive load and student 
achievement. Cognitive load can be generally defined as a requirement for working memory resources 
that are needed to meet the goals of the cognitive activities in certain situations. So, the aim of this study 
is examining the instructional effectiveness of two teaching methods that are commonly used in teaching 
physics in the Republic of Serbia, using experiments and traditional method. We get that students which 
used experiments in teaching physics have achieved higher performance and less cognitive load than 
students which used traditional methods. So, we get the greater effectively of the teaching method which 
contains experiments. 
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1. Introduction 

Cognition in contemporary teaching is one of the central aims realizations of teaching. Process of knowledge 
adoption during teaching and its main features are important part of didactic of physics. Modern didactic 
trends have to tend to move the focus from traditional learning to new teaching methods that show greater 
efficiency in the understanding of the content of the student, taking into consideration its performance (Gow 
& Kember, 1993). One of the more modern ways of assessing the effectiveness of teaching methods is 
through the examination of cognitive load (Paas & Van Merrienboer, 1993; Huang et al., 2009). Cognitive 
load can be describe like the demand for working memory resources required for achieving goals of specific 
cognitive activities (Kalyuga, 2009; Plass et al., 2010; Sweller et al., 2011). 

Theory of cognitive load distinguishes intristic, germane and external cognitive load (Sweller et al., 2011, de 
Jong, 2010; Sweller, 2010). Intristic cognitive load depends only on complexity of teaching material (Jong, 
2010). So, material consisting of a plurality of interactive elements, the cognitive harder than the material of 
which contains a smaller number of interactive elements. It determines that some parts of the teaching 
materials require greater cognitive engagement of students than other materials. Intristic load is needed in 
order to adopt teaching material. It is not subjected to manipulations due to selection of teaching methods. 
External load is not necessary for adoption of teaching material. It is subjected to above mentioned 
manipulations. Therefore, different teaching methods have different impact on students. Germane load is 
related to classification of terms, differentiation, interpretation, giving of examples. All three kinds of 
cognitive load can be developed in different teaching situations. 

If sum of this three kinds of cognitive load is equal to capacity of working memory, that teaching method is 
convenient for students. Presented level of intristic load indicated on complexity of teaching content, level of 
germane load indicated that student is capable to make classification of terms and to connect and compare 
lessons with previous ones, while the level of external load is applied teaching method appropriate for 
student. Hence, student would learn teaching content by application of such teaching method. But if sum of 
this three kinds of cognitive load goes beyond limits of working memory, that teaching method is not 
convenient for students. In this case first is needed to try to decrease external load as much as it is possible so 
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total load can be inside borders of accepted capacity limitations. If external load is decreased to such extent 
that it is inevitable, it is possible to use remained capacity of working memory for increasing of intristic 
and/or germane load. It is important to increase intristic load since it is essential for understanding of material 
and creation of new knowledge. In case that intristic and germane load are increased to the extent which goes 
beyond working memory capacities, it is important to decrease additional cognitive activities which increase 
germane load. However, for some cases, this task can be very difficult for students and cause cognitive 
overload which is larger than capacities of working memory, even when external and linked load are 
excluded. In that case, students should use certain help by teachers in order to solve the task. 

Instructional effectiveness was represented as the difference in student achievement on tests of knowledge 
(pre and post test). New findings from the field of psychology have shown the possibility of improving the 
way of instructional effectiveness test. To Paas & van Merrienboer (1993) instructional effectiveness is 
shown through cognitive load and student achievement. Instructional efficiency (E) can be represented as the 
difference of standardized cognitive load (R) and standardized achievement (P) which can be mathematically 

\R-P\ 

written as E = ——— . Standardized value of cognitive load or achievement can get when each value of 

V2 

perceived cognitive load or achievement subtract the grand mean and divide with his standard deviation. 
With this proces we get standardized value of cognitive load or achievement. 

In determining the instructional effectiveness, it is important to determine the effectiveness of zero, which is 
obtained by satisfying the condition P = R. Dragging the zero efficiency, the values of instructional 
effectiveness over line are positive, while the values of instructional effectiveness under line are negative 
(figure 1). 



Figure 1. Instructional effectiveness (taken from Salden et al, 2004) 


Positive values instructional efficiency mean that the application of these teaching methods achieved higher 
standardized achievement and a smaller load. Positive instructional effectiveness is a reflection of reduced 
cognitive load. Negative values indicate that instructional efficiency by applying and teaching methods 
received relatively smaller standardized student achievement and larger load. If it achieves higher load that 
means that students invest a higher mental effort to understand the content and they can not achieve high 
performance. Efficient instructional environments lead to faster learning, better learning, or both. The 
scientists who have worked on cognitive load theory have created a metric for quantifying efficiency as well 
as an efficiency graph for display and visual comparison of lesson efficiencies.Therefore, teachers should use 
different teaching methods that will result in a positive instructional effectiveness. 
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2. Methodology 

Problem and the subject of research 

The problem and the subject of the paper is to examine the instructional effectiveness of teaching methods in 
physics. 

The aim and objectives of research 

The focus of this research is the question of methodology for monitoring and improving the quality of 
secondary education by determining the efficiency of applied teaching instruction by determining the 
cognitive load of students. 

The aim of the research is to evaluate instructional effectiveness of teaching methods (traditional method and 
the method of use experiment) in physics. 

Research task 

Compare the effectiveness of instructional strategies based on experiments and traditional instructional 
strategies. 

Methods of Research 

Since the goal of this research is to determine how the choice of teaching methods influences the 
instructional effectiveness, we applied the pedagogical experiment with two parallel groups. Before the start 
of the implementation of pedagogical experiment pupils were given an initial test, the results of which are 
used for equalization groups. After the results obtained students were divided into groups, one control and 
one experimental. To students of the control group C instructional content is exhibited by the traditional 
method, while the students of the experimental group E instructional content is exhibited by using 
experiment. Students apply daily occurrence of viscosity. Some examples are: the emphasis of tap water, 
blowing wind in the narrow streets and similar. An experiment that students are used for treatment of this 
unit is Stokes method. Students measured the distance traveled and the time for which the balls fall through 
the liquid uniformly certain density. Based on the measured size of the pupils were able to calculate the 
coefficient of viscosity of the fluid through which the ball is falling. It is important that students understand 
the concept of viscosity because he is one of the basic concepts in fluid mechanics, mechanical engineering 
and other sciences that deal with the study of the flow of fluid through the tube. 

In order to determine cognitive load depending on applied teaching method, one teacher, author of the work, 
has explained certain teaching unit. This provided elimination of teacher’s influence or his/her verbal and 
communication abilities. After processed teaching unit, students had to fill out the test of knowledge which 
was designed for purpose of this research. The knowledge test included multiple choices and each task 
included Likert scale according to which students subjectively rated the size of mental effort used for 
studying. It included selection of numbers from 1 (very easy) to 5 (very difficult). This scale was chosen to 
match the range of the mark applied in secondary education in Republicic Serbia (1 to 5). 

Techniques and instruments 

In this research we applied the techniques of testing and scaling. Testing was performed in order to examine 
student achievement on tests of knowledge, while scaling technique was performed in order to subjective 
assessment of cognitive load. 

Instruments that are designed and applied in this research are: 

- Initial test - test which determining prior knowledge of physics students groups C and E before the 
introduction of the experimental factors. 

- The final test - test which determining prior knowledge of physics students groups C and E after the 
introduction of the experimental factors 

- Scale for perception of cognitive load. 
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Questions for knowledge tests were used from literature related to physics for second grade of high-school 
which are used in the Republic of Serbia (Calukovic & Kadelburg 2009; Calukovic 2011; Raspopovic et al., 
1996). These questions were positively reviewed by three university proffesors which are specialized for 
such areas of physics and three proffesors from high-schools. 

For statistical analysis we used the program and Statistics 12.0 Exel. 

The research sample 

Sample of research included two classes of high-school for natural sciences and mathematic sciences „Jovan 
Jovanovic Zmaj“ and two clases from same kind of school, „Isidora Sekulic“ in Novi Sad. There were 125 
students from mentioned schools. The research was conducted during February 2012 in Novi Sad. 


3. Results and Discussion 

After completion of pedagogical experiment is obtained that the students of the experimental group achieved 
higher average achievement in the final test than students of the control group. This difference was confirmed 
by factor analysis of variance (p < 0.05) and Tukey's test. The obtained result shows that the use of 
experiments in physics has a positive impact on the quantity of students' knowledge. The reason that can be 
mentioned as an explanation of the results, which clearly demonstrates the positive impact of the introduction 
of innovations in teaching physics, is located in the conception of science itself. Physics, as a science, is 
based on experiments, so it is clearer to students when they are show the studied phenomenon. In many 
studies (Checkley, 2010; Jonassen, 2011; Denton et al., 2012; Obadovic et al., 2013; Pizzolato et al., 2014) it 
has been shown that students perform better when they have an active role. In this case, the student is 
interested in further studied the concept and attend classes with a higher concentration. Knowledge adopt 
using only traditional teaching methods are very important basis but with this kind of students are losing an 
active role in their own education and often is that students are not able to solve the unknown problem 
situation. 

One-way analysis of variance, the influence of the applied teaching methods on the perception of cognitive 
load. It was found a statistically significant difference at the level of p < 0.05 perceived cognitive load two 
teaching methods. The coefficient fi = 0.82 shows a large impact on teaching methods perceived cognitive 
load. 

Provided that the students of the experimental group perceived less cognitive load (approximately mean of 
points is 3.17) than the students of the control group (approximately 3.50). So, using an experiment in 
teaching physics at the same time achieves less cognitive load and higher achievement on tests of knowledge. 
Learning based on problem solving and the use of experiments is a very effective learning model because it 
reduces the cognitive load and allows students to learn in complex domains. In many studies (Sweller, 1988; 
Renkl et al., 2003; Lee et al., 2006; Kalyuga, 2009; Renkl & Atkinson, 2010) it was found that there is a 
positive impact on reducing the use of the experiment perceived cognitive load. So, the result is positively 
correlated with the above studies. 

In this research it was found that the standardized load of the control group was R = 0.21, while their 
standardized achievement was P = -0.32. On the other hand, standardized load the experimental group was 
R= -0.21, while their standardized achievement was P = 0.31. Figure 2 shows the graphical representation of 
instructional effectiveness using the above mentioned formula. 
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Figure 2. Results of instructional effectiveness 

As shown in Figure 2, values of efficiency of use of experimental method (Ee = 0.37) are placed in left upper 
quadrant which is defined with high instructional efficiency while value of traditional method (Ec = -0.37) is 
placed in lower right quadrant which is specified by low instructional efficiency. Obtained values of 
efficiency of methods for use of experiment imply on significant contribution to better understanding of 
viscosity. Efficient learning environments is balance between intrinsic, germane, and extraneous sources of 
load. From this we can see that the application of the experiment in teaching physics achieved an appropriate 
balance between all types of cognitive load. So implemented such a teaching method that has been achieved 
adequate intrinsic load, and students are actively involved both in the teaching process and in creating their 
own knowledge. As it say before, efficient learning environments lead to better learning, faster learning, or 
both, so, it is importante that teacher know which method has positive or negative value of instructional 
efficiency. 

The learning process in the classroom and its main features are the focus of didactic science. The teaching 
content and method of of its presentation is especially important due to the fact that the development of 
science and partly reflected in the selection and presentation of new scientific achievements. Based on just 
why it is important to apply such a teaching method that will, to the greatest extent possible, to realize that 
the information that students receive, process and connect with the previously adopted the "warehouse" in 
long-term memory. Students should be prepared to be able to solve the problem situation. Frequently 
resolving problem situations requires knowledge and connection of various sciences. This paper gives an 
example of interdisciplinarity. Affiliates are knowledgeable in mechanical engineering, mechanics and fluid 
mechanics. 

4. Conclusion and Pedagogical Implications 

In this research it was found that students of the experimental group which exhibited instructional content by 
using experiments achieve greater achievement in the knowledge test than students of the control group 
which was exhibited instructional content using the traditional method. Also it was found that the students of 
the experimental group perceived less cognitive load than students of the control group. 
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In the framework of this study was determined instructional effectiveness and obtained a positive 
instructional effectiveness of methods of experiment while the traditional method resulting negative 
instructional effectiveness. As efficiency is meant to be an indicator of the quality of cognitive schemata, 
how we measure this quality may depend on the kind of tasks involved. 

The research is significant because it provides an objective picture and guidelines for the development of 
secondary education with special emphasis on the cognitive load. The results of this work are primarily of 
great benefit to teachers because they give a fuller insight into the effectiveness of teaching methods. It is 
also planned to continue testing instructional effectiveness for other units to be the more complete the 
information obtained by teachers (Bannert, 2002; Kirschner, 2002; Choi et al., 2014). 
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